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tity

 

typ
es

, 
an

d 
ar

e,
 

th
er

ef
or

e,
 

ca
lle

d 
int

er
-e

nt
ity

 
re

lat
ion

s. 
An

 

es
se

nti
al 

pr
op

er
ty 

of
 

ev
er

y 
int

er
-e

nt
ity

 
re

lat
ion

 
is 

th
at

 
its

 

do
m

ain
s 

inc
lud

e 
at

 
lea

st 
tw

o 
ke

ys
 

wh
ich

 
eit

he
r 

re
fer

 
to

 
dis

tin
ct 

en
tity

 
typ

es
 

or
 

re
fer

 
to

 
a 

co
m

m
on

 en
tity

 
ty

pe
 

se
rv

in
g 

di
st

in
ct

 

ro
le

s.
 Th

e 
ex

am
pl

es
 i

n 
Fi

gu
re

s 
1 

an
d 

2 
w

ill 
he

lp
 

cla
rif

y 
th

is
. 

Th
e 

re
la

tio
n 

ex
hi

bi
te

d 
in

 
Fi

gu
re

 
1 

in
vo

lve
s 

th
re

e 
ke

ys
, 

on
e 

fo
r 

ea
ch

 o
f 

th
e 

en
tity

 
ty

pe
s 

su
pp

lie
r, 

pa
rt,

 
pr

oj
ec

t. 
Th

e 

re
la

tio
n 

ex
hi

bi
te

d 
in

 
Fi

gu
re

 
2 

in
vo

lve
s 

tw
o 

ke
ys

 
re

fe
rri

ng
 

to
 

th
e 

co
m

m
on

 en
tity

 
ty

pe
 

pa
rt,

 
th

e 
fir

st
 

ke
y 

se
rv

in
g 

to
 

id
en

tif
y 

a 
co

m
po

ne
nt

, 
th

e 
se

co
nd

 t
o 

id
en

tif
y 

an
 a

ss
em

bl
y 

co
nt

ai
ni

ng
 

th
at

 
co

m
po

ne
nt

. 
Bo

th
 o

f 
th

es
e 

re
la

tio
ns

 
ar

e 
in

te
r-e

nt
ity

 

re
la

tio
ns

. 

So
 fa

r, 
w

e 
ha

ve
 d

is
cu

ss
ed

 
ex

am
pl

es
 o

f 
re

la
tio

ns
 

w
hi

ch
 

ar
e 

de
fin

ed
 

on
 s

im
pl

e 
do

m
ai

ns
 -

 
do

m
ai

ns
 w

ho
se

 e
le

m
en

ts
 

ar
e 

at
om

ic
 

(n
on

-d
ec

om
po

sa
bl

e)
 

va
lu

es
. 

N
on

-a
to

m
ic

 
va

lu
es

 
ca

n 
be

 d
is

cu
ss

ed
 

w
ith

in
 

th
e 

re
la

tio
na

l 
fra

m
ew

or
k.

 
Th

us
, 

so
m

e d
om

ai
ns

 m
ay

 h
av

e 

re
la

tio
ns

 
as

 e
le

m
en

ts
. 

Th
es

e 
re

la
tio

ns
 

m
ay

, 
in

 
tu

rn
, 

be
 d

ef
in

ed
 

on
 n

on
-s

im
pl

e 
do

m
ai

ns
, 

an
d 

so
 o

n.
 

Fo
r 

ex
am

pl
e,

 
on

e 
of

 
th

e 

do
m

ai
ns

 o
n 

w
hi

ch
 t

he
 

en
tity

 
ty

pe
 

re
la

tio
n 

el
i(p

Io
ye

e 
is

 
de

fin
ed

 

m
ig

ht
 

be
 s

al
ar

y 
hi

st
or

y.
 

An
 e

le
m

en
t 

of
 

th
e 

sa
la

ry
 

hi
st

or
y 

do
m

ai
n 

is
 

a 
bi

na
ry

 
re

la
tio

n 
de

fin
ed

 
on

 t
he

 
do

m
ai

n 
da

te
 

an
d 

th
e 

do
m

ai
n 

sa
la

ry
. 

Th
e 

sa
la

ry
 

hi
st

or
y 

do
m

ai
n 

is
 

th
e 

se
t 

of
 

al
l 

su
ch

 b
in

ar
y 

re
la

tio
ns

. 
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4.
 2.
 

So
m

e 
Lin

gu
ist

ic 
As

pe
cts

 

Th
e 

ad
op

tio
n 

of
 

a 
re

lat
ion

al 
vie

w 
of

 
da

ta
, 

as
 

de
sc

rib
ed

 

ab
ov

e,
 

pe
rm

its
 

th
e 

de
ve

lop
m

en
t 

of
 

a 
un

ive
rs

al 
re

tri
ev

al 
su

b- 

lan
gu

ag
e 

ba
se

d 
on

 
th

e 
se

co
nd

-o
rd

er
 

pr
ed

ica
te

 
ca

lcu
lus

.* 
Su

ch
 

a 

lan
gu

ag
e 

wo
uld

 
pr

ov
ide

 
a 

ya
rd

sti
ck

 
of

 
lin

gu
ist

ic 
po

we
r 

for
 

al
l 

ot
he

r 
pr

op
os

ed
 

re
tri

ev
al 

lan
gu

ag
es

, 
an

d 
wo

uld
 

its
elf

 
be

 
a 

str
on

g 

ca
nd

ida
te

 
for

 
em

be
dd

ing
 

(w
ith

 
ap

pr
op

ria
te

 
sy

nta
cti

c 
m

od
ific

at
ion

) 

in
 

a 
va

rie
ty 

of
 

ho
st 

lan
gu

ag
es

 
(p

ro
gr

am
m

ing
, 

co
m

m
an

d 
or

 
pr

ob
lem

 

or
ien

te
d)

. 
W

hil
e 

it 
is 

no
t 

th
e 

pu
rp

os
e 

of
 

thi
s 

pa
pe

r 
to

 
de

sc
rib

e 

su
ch

 
a 

lan
gu

ag
e 

in
 

de
ta

il, 
its

 
sa

lie
nt

 
fea

tur
es

 
wo

uld
 

be
 

as
 

fol
low

s. Le
t 

us
 

de
no

te
 

th
e 

re
tri

ev
al 

su
bla

ng
ua

ge
 

by
 

R 
an

d 
th

e 
ho

st 

lan
gu

ag
e 

by
 

H.
 

R 
pe

rm
its

 
th

e 
de

cla
ra

tio
n 

of
 

do
m

ain
s, 

to
ge

th
er

 

wi
th 

re
lat

ion
s 

of
 

va
rio

us
 

de
gr

ee
s 

on
 

tho
se

 
do

m
ain

s. 
H 

pe
rm

its
 

su
pp

or
tin

g 
de

cla
ra

tio
ns

 
wh

ich
 

ind
ica

te
, 

pe
rh

ap
s 

les
s 

pe
rm

an
en

tly
, 

ho
w 

the
se

 
re

lat
ion

s 
ar

e 
re

pr
es

en
ted

 
in

 
sto

ra
ge

. 
R 

pe
rm

its
 

th
e 

sp
ec

ific
at

ion
 

for
 

re
tri

ev
al 

of
 

an
y 

su
bs

et 
of

 
da

ta
 

fro
m

 
th

e 
da

ta
 

ba
nk

. 
Ac

tio
n 

on
 

su
ch

 
a 

re
tri

ev
al 

re
qu

es
t 

is 
su

bje
ct 

to
 

se
cu

rity
 

co
ns

tra
int

s. 

Th
e 

cla
ss

 
of

 
qu

al
ific

at
io

n 
ex

pr
es

sio
ns

 
wh

ich
 

ca
n 

be
 u

se
d 

in
 

a 
se

t 
sp

ec
ific

at
ion

 
is 

in
 

a 
pr

ec
ise

ly 
sp

ec
ifie

d 
on

e-
to

-o
ne

 

co
rre

sp
on

de
nc

e 
wi

th 
th

e 
cla

ss
 

of
 

we
ll-f

or
m

ed
 

for
m

ula
s 

of
 

th
e 

pr
ed

ica
te

 
ca

lcu
lus

 
in

 
pr

en
ex

 
no

rm
al 

fo
rm

 
[4

]. 
An

y 
ar

ith
- 

m
et

ic 
fu

nc
tio

ns
 

ne
ed

ed
 

ca
n 

be
 d

ef
ine

d 
in

 
H 

an
d 

inv
ok

ed
 

*T
he

 
se

co
nd

-o
rd

er
 

pr
ed

ica
te

 
ca

lcu
lus

 
(ra

the
r 

th
an

 
firs

t-o
rd

er
) 

is 
ne

ed
ed

 
be

ca
us

e 
th

e 
do

m
ain

s 
on

 w
hic

h 
re

lat
ion

s 
ar

e 
de

fin
ed

 
m

ay
 

the
m

se
lve

s 
ha

ve
 

re
lat

ion
s 

as
 

ele
m

en
ts 

(se
e 

se
cti

on
 

1 
) 

. 

in
 

R.
 

A 
se

t 
so

 
sp

ec
ifie

d 
m

ay
 b

e 
fe

tch
ed

 
for

 
qu

er
y 

pu
rp

os
es

 

on
ly 

or
 

it 
m

ay
 b

e 
he

ld
 

for
 

po
ss

ibl
e 

ch
an

ge
s. 

Ins
er

tio
ns

 
tak

e 

th
e 

fo
rm

 
of

 
ad

din
g 

ne
w 

ele
m

en
ts 

to
 

de
cla

re
d 

re
lat

ion
s 

wi
tho

ut 

re
ga

rd
 

to
 

an
y 

or
de

rin
g 

th
at

 
m

ay
 b

e 
pr

es
en

t 
in

 
th

eir
 

m
ac

hin
e 

re
pr

es
en

ta
tio

n.
 

De
let

ion
s 

wh
ich

 
ar

e 
ef

fe
cti

ve
 

for
 

th
e 

co
m

- 

m
un

ity
 

(as
 

op
po

se
d 

to
 

th
e 

in
di

vid
ua

l 
us

er 
or

 
su

b-
co

m
m

un
itie

s) 

tak
e 

th
e 

fo
rm

 
of

 
re

m
ov

ing
 

ele
m

en
ts 

fro
m

 
de

cla
re

d 
re

lat
ion

s. 

So
m

e 
de

let
ion

s 
m

ay
 b

e 
tri

gg
er

ed
 

by
 

oth
er

s, 
if 

de
le

tio
n 

de
pe

n-
 

de
nc

ies
 

be
tw

ee
n 

sp
ec

ifie
d 

re
lat

ion
s 

ar
e 

de
cla

re
d 

in
 

R.
 

On
e 

im
po

rta
nt

 
ef

fe
ct 

th
at

 
th

e 
vie

w 
ad

op
te

d 
tow

ard
 

da
ta

 

ha
s 

on
 t

he
 

lan
gu

ag
e 

us
ed

 
to

 
re

trie
ve

 
it 

is 
in

 
th

e 
na

m
ing

 
of

 

da
ta

 
ele

m
en

ts 
an

d 
se

ts.
 

W
ith

 
th

e 
us

ua
l 

ne
tw

ork
 

vie
w,

 
us

ers
 

wi
ll 

of
te

n 
be

 b
ur

de
ne

d 
wi

th 
co

ini
ng

 
an

d 
us

ing
 

m
or

e 
re

lat
ion

 

na
m

es
 

th
an

 
ar

e 
ab

so
lut

ely
 

ne
ce

ss
ar

y, 
sin

ce
 

na
m

es
 

ar
e 

as
so

cia
ted

 

wi
th 

dir
ec

te
d 

pa
ths

 
ra

the
r 

th
an

 
wi

th 
re

lat
ion

s. 
Tw

o 
su

ch
 

pa
ths

 

ar
e 

ne
ed

ed
 

to
 

su
pp

or
t 

sy
m

m
etr

ic 
ex

plo
ita

tio
n*

 
of

 
a 

sin
gle

 

bin
ar

y 
re

lat
ion

. 
Fo

r 
a 

re
lat

ion
 

of
 

de
gr

ee
 

n,
 

th
e 

nu
m

be
r 

of
 

pa
ths

 
to

 
be

 
na

m
ed

 
an

d 
co

nt
ro

lle
d 

is 
fa

cto
ria

l 
n.

 

Ag
ain

, 
if 

a 
re

lat
ion

al 
vie

w 
is 

ad
op

te
d 

in
 

wh
ich

 
ev

er
y 

n-
ar

y 

re
lat

ion
 

(n
 

> 
2)

 
ha

s 
to

 
be

 e
xp

re
ss

ed
 

by
 

th
e 

us
er 

as
 

a 
ne

ste
d 

*O
nc

e 
a 

us
er 

is 
aw

are
 

th
at

 
a 

ce
rta

in 
re

lat
ion

 
is 

sto
re

d, 
he

 
wi

ll 
ex

pe
ct 

to
 

be
 a

bl
e 

to
 

ex
plo

it 
it 

us
ing

 
an

y 
co

m
bin

at
ion

 
of

 
its

 
ar

gu
m

en
ts 

as
 

“kn
ow

ns
” 

an
d 

th
e 

re
m

ain
ing

 
ar

gu
m

en
ts 

as
 

“un
kn

ow
ns

,” 
be

ca
us

e 
th

e 
inf

or
m

at
ion

 
(lik

e 
Ev

er
es

t) 
is 

th
er

e.
 

Th
is 

is 
a 

sy
ste

m 
fe

at
ur

e 
(m

iss
ing

 
fro

m
 

m
an

y 
cu

rre
nt 

inf
or

m
at

ion
 

sy
ste

ms
), 

wh
ich

 
we

 
sh

all
 

ca
ll 

(lo
gic

all
y)

 
sy

m
m

etr
ic 

ex
plo

ita
tio

n 
of

 
re

lat
ion

s. 
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5.
 

ex
pr

es
sio

n 
inv

olv
ing

 
on

ly 
bin

ar
y 

re
lat

ion
s, 

th
en

 
2n

-1
 

na
m

es
 

ha
ve

 
to

 
be

 
co

ine
d 

ins
te

ad
 

of
 

on
ly 

n+
l 

wi
th 

dir
ec

t 
n-

ar
y 

no
ta

- 

tio
n 

as
 

de
sc

rib
ed

 
in

 
Se

cti
on

 
1.

 
Fo

r 
ex

am
ple

, 
th

e 
4-

ar
y 

re
lat

ion
 

sh
ip 

of
 

Fi
gu

re
 

1,
 

wh
ich

 
en

ta
ils

 
5 

na
m

es
 

in
 

n-
ar

y 

no
ta

tio
n,

 
wo

uld
 

be
 

re
pr

es
en

ted
 

in
 

th
e 

fo
rm

 

P 
( 

su
pp

lie
r, 

Q 
( 

pa
rt,

 
R 

( 
pr

oje
ct,

 
qu

an
tity

 
) 

) 
) 

in
 

ne
ste

d 
bin

ar
y 

no
ta

tio
n 

an
d,

 
thu

s, 
em

plo
y 

7 
na

m
es

. 

3.
 

Op
er

ati
on

s 
on

 R
ela

tio
ns

 

Si
nc

e 
re

lat
ion

s 
ar

e 
se

ts,
 

al
l 

of
 

th
e 

us
ua

l 
se

t 
op

er
at

ion
s 

ar
e 

ap
pl

ica
bl

e 
to

 
th

em
. 

Ne
ve

rth
ele

ss
, 

th
e 

re
su

lt 
m

ay
 n

ot
 

be
 

a 
re

la-
 

tio
n;

 
for

 
ex

am
ple

, 
th

e 
un

ion
 

of
 

a 
bin

ar
y 

re
lat

ion
 

an
d 

a 
ter

na
ry 

re
lat

ion
 

is 
no

t 
a 

re
lat

ion
. 

Th
e 

op
er

at
ion

s 
dis

cu
ss

ed
 

be
low

 
ar

e 
sp

ec
ific

all
y 

for
 

re
lat

ion
s. 

Th
es

e 
op

er
at

ion
s 

ar
e 

int
ro

du
ce

d 
be

ca
us

e 
of

 
th

eir
 

ke
y 

ro
le 

in
 

de
riv

ing
 

re
lat

ion
s 

fro
m

 
ot

he
r 

re
lat

ion
s. 

M
os

t 
us

ers
 

wo
uld

 
no

t 

be
 

dir
ec

tly
 

co
nc

er
ne

d 
wi

th 
the

se
 

op
er

at
ion

s. 
In

fo
rm

at
ion

 
sy

ste
ms

 

de
sig

ne
rs 

an
d 

pe
op

le 
co

nc
er

ne
d 

wi
th 

da
ta

 
ba

nk
 

co
nt

ro
l 

sh
ou

ld,
 

ho
we

ve
r, 

be
 

th
or

ou
gh

ly 
fa

m
ilia

r 
wi

th 
the

se
 

op
er

at
ion

s. 

3.
1 

Pe
rm

ut
at

ion
 

A 
bin

ar
y 

re
lat

ion
 

ha
s 

an
 

ar
ra

y 
re

pr
es

en
ta

tio
n 

wi
th 

tw
o 

co
lum

ns
. 

In
te

rc
ha

ng
ing

 
the

se
 

tw
o 

co
lum

ns
 

yie
lds

 
th

e 
co

nv
er

se
 

re
lat

ion
. 

M
or

e 
ge

ne
ra

lly
, 

if 
a 

pe
rm

ut
at

ion
 

is 
ap

pl
ie

d 
to

 
th

e 

co
lum

ns
 

of
 

an
 n

-a
ry 

re
lat

ion
, 

th
e 

re
su

ltin
g 

re
lat

ion
 

is 
sa

id 

to
 

be
 

a 
pe

rm
ut

at
ion

 
of

 
th

e 
giv

en
 

re
lat

ion
. 

Th
er

e 
ar

e,
 

for
 

ex
am

ple
, 

4!
 

= 
24

 p
er

m
ut

at
ion

s 
of

 
th

e 
re

lat
ion

 
sh

ip 
in

 
Fi

gu
re

 
1,

 

if 
we

 
inc

lud
e 

th
e 

ide
nt

ity
 

pe
rm

ut
at

ion
 

wh
ich

 
lea

ve
s 

th
e 

or
de

rin
g 

of
 

co
lum

ns
 

un
ch

an
ge

d.
 

In
 

a 
sy

ste
m 

wh
ich

 
pr

ov
ide

s 
sy

m
m

etr
ic 

ex
plo

ita
tio

n 
of

 
re

la-
 

tio
ns

, 
th

e 
se

t 
of

 
qu

er
ies

 
an

sw
er

ab
le 

by
 

a 
sto

re
d 

re
lat

ion
 

is 

id
en

tic
al

 
to

 
th

e 
se

t 
an

sw
er

ab
le 

by
 

an
y 

pe
rm

ut
at

ion
 

of
 

th
at

 
re

la-
 

tio
n.

 
Al

th
ou

gh
 

it 
is 

lo
gi

ca
lly

 
un

ne
ce

ss
ar

y 
to

 
sto

re
 

bo
th

 
a 

re
lat

ion
 

an
d 

so
m

e 
pe

rm
ut

at
ion

 
of

 
it,

 
pe

rfo
rm

an
ce

 
co

ns
ide

ra
tio

ns
 

co
uld

 
m

ak
e 

it 
ad

vis
ab

le.
 

3.
2 

Pr
oje

cti
on

 
* 

Su
pp

os
e 

no
w 

we
 

se
lec

t 
ce

rta
in 

co
lum

ns
 

of
 

a 
re

lat
ion

 
(st

rik
ing

 

ou
t 

th
e 

oth
er

s) 
an

d 
th

en
 

re
m

ov
e 

fro
m

 
th

e 
re

su
ltin

g 
ar

ra
y 

an
y 

du
pli

ca
tio

n 
in

 
th

e 
TO

W
S.

 
Th

e 
fin

al
 

ar
ra

y 
re

pr
es

en
ts 

a 
re

lat
ion

 

wh
ich

 
is 

sa
id 

to
 

be
 

a 
pr

oje
cti

on
 

of
 

th
e 

giv
en

 
re

lat
ion

. 

A 
se

lec
tio

n 
op

er
at

or
 

II 
is 

us
ed

 
to

 
ob

ta
in 

an
y 

de
sir

ed
 

pe
rm

ut
at

ion
, 

pr
oje

cti
on

, 
or

 
co

m
bin

at
ion

 
of

 
th

e 
tw

o 
op

er
at

ion
s. 

Th
us

, 
if 

L 
is 

a 
lis

t 
of

 
k 

ind
ice

b 

L 
= 

il,
 

i2
, 

.[:
, 

ik 
i 

an
d 

R 
is 

an
 n

-a
ry 

re
lat

ion
 

(n
 

z 
k),

 
th

en
 

lIL
(R

) 
is 

th
e 

k-a
ry 

re
lat

ion
 

wh
os

e 
j th

 
co

lum
n 

is 
co

lum
n-

~~
,ii 

j 
of

 
R 

(j 
= 

1,
 

2,
 

. .
 . 

. 
k) 

ex
ce

pt
 

th
at
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ly 
if 

th
ey

 
ar

e 
jo

in
ab

le
. 

Ho
we

ve
r, 

th
e 

ex
ist

- 

en
ce

 
of

 
m

or
e 

th
an

 
on

e 
jo

in
 

of
 

R 
wi

th 
S 

do
es

 
no

t 
im

pl
y 

th
e 

ex
ist

en
ce

 
of

 
m

or
e 

th
an

 
on

e 
co

m
po

sit
ion

 
of

 
R 

wi
th 

S.
 

Co
rre

sp
on

din
g 

to
 

th
e 

na
tu

ra
l 

jo
in

 
of

 
R 

wi
th 

S 
is 

th
e 

na
tu

ra
l 

co
m

po
sit

ion
 

of
 

: R
 

wi
th 

S 
de

fin
ed

 
by

 

R-
5 

=,
,.h

13
(R

*S
). 

Ta
kin

g 
th

e 
re

lat
ion

s 
R,

 
Si

 
fro

m
 

Fi
gu

re
 

4,
 

th
eir

 
na

tu
ra

l 

co
m

po
sit

ion
 

is 
ex

hib
ite

d:
 

in
 

Fi
gu

re
 

9 
an

d 
an

ot
he

r 
co

m
po

sit
ion

 
/ 

is 
ex

hib
ite

d 
in

 
Fi

gu
re

 
10

 
(d

er
ive

d 
fro

m
 

th
e 

jo
in

 
ex

hib
ite

d 

in
 

Fi
gu

re
 

6)
. 

R-
S 

( 
pr

oje
ct 

su
pp

lie
r 

) 

1 
A 

1 
2 

2 
1 

/’ 
2 

2 

Fi
gu

re
 

9:
 

Th
e 

Na
tu

ra
l 

Co
m

po
sit

ion
 

of
 

R 
wi

th 
S 

(fr
om

 
Fi

gu
re

 
4)
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. 

T 
( 

pr
oje

ct 
su

pp
lie

r 
) 

1 
2 

2 
1 

Fi
gu

re
 

10
: 

An
ot

he
r 

Co
m

po
sit

ion
 

of
 

R 
wi

th 
S 

(fr
om

 
Fi

gu
re

 
4)

 

W
he

n 
tw

o 
or

 
m

or
e 

joi
ns

 
ex

ist
, 

th
e 

nu
m

be
r 

of
 

dis
tin

ct 
co

m
- 

po
sit

ion
s 

m
ay

 b
e 

as
 

few
 

as
 

on
e 

or
 

as
 

m
an

y 
as

 
th

e 
nu

m
be

r 
of

 
dis

tin
ct 

joi
ns

 
. 

Fi
gu

re
 

11
 s

ho
ws

 
an

 e
xa

m
ple

 
of

 
tw

o 
re

lat
ion

s 
wh

ich
 

ha
ve

 

se
ve

ra
l 

joi
ns

 
bu

t 
on

ly 
on

e 
co

m
po

sit
ion

. 
No

te 
th

at
 

th
e 

am
big

uit
y 

of
 

po
int

 
c 

is 
los

t 
in

 
co

m
po

sin
g 

R 
wi

th 
S,

 
be

ca
us

e 
of

 

un
am

big
uo

us
 

as
so

cia
tio

ns
 

m
ad

e 
via

 
th

e 
po

int
s 

a,
 

b,
 

d,
 

e.
 

R 
( 

su
pp

lie
r 

pa
rt)

 
s 

(p
ar

t 
pr

oje
ct 

) 

1 
a 

a 
g 

1 
b 

b 
f 

1 
C 

C 
f 

2 
C 

C 
g 

2 
d 

d 
g 

2 
e 

e 
f 

Fi
gu

re
 

11
: 

M
an

y 
Jo

ins
, 

On
ly 

On
e 

Co
m

po
sit

ion
 

Ex
te

ns
ion

 
of

 
co

m
po

sit
ion

 
to

 
pa

irs
 

of
 

re
lat

ion
s 

wh
ich

 
ar

e 

no
t 

ne
ce

ss
ar

ily
 

bin
ar

y 
(a

nd
 

wh
ich

 
m

ay
 b

e 
of

 
dif

fe
re

nt
 

de
gr

ee
s) 

fol
low

s 
th

e 
sa

m
e 

pa
tte

rn
 

as
 

ex
te

ns
ion

 
of

 
pa

irw
ise

 
jo

in
in

g 
to

 

su
ch

 
re

lat
ion

s. 
W

e 
no

w 
pr

oc
ee

d 
to

 
m

ak
e 

us
e 

of
 

the
se

 
op

er
at

ion
s 

on
 r

ela
tio

ns
 

in
 

co
ns

ide
rin

g 
wh

at 
re

lat
ion

s 
ne

ed
 

to
 

be
 

ac
tu

all
y 

sto
re

d. 

4.
 

Ex
pr

es
sib

le,
 

Na
m

ed
 a

nd
 

St
or

ed
 

Re
lat

ion
s 

As
so

cia
ted

 
wi

th 
a 

da
ta

 
ba

nk
 

ar
e 

th
re

e 
co

lle
cti

on
s 

of
 

re
lat

ion
s: 

(1
) 

th
e 

ex
pr

es
sib

le 
se

t 

(2
) 

th
e 

na
m

ed
 

se
t 

(3
) 

th
e 

sto
re

d 
se

t 

Th
e 

ex
pr

es
sib

le 
se

t 
is 

th
e 

co
lle

cti
on

 
of

 
re

lat
ion

s 
wh

ich
 

ca
n 

be
 d

es
ign

at
ed

 
by

 
ex

pr
es

sio
ns

 
in

 
th

e 
re

tri
ev

al 
lan

gu
ag

e 
for

 

th
e 

pu
rp

os
e 

of
 

de
fin

in
g 

se
ts 

of
 

da
ta

 
to

 
be

 r
et

rie
ve

d.
 

Su
ch

 

ex
pr

es
sio

ns
 

ar
e 

co
ns

tru
cte

d 
fro

m
 

sim
ple

 
na

m
es

 
of

 
re

lat
ion

s, 

re
lat

ion
al 

op
er

ato
rs 

su
ch

 
as

 
=,

 
lo

gi
ca

l 
co

nn
ec

tiv
es

 
an

d 
th

e 

qu
an

tifi
er

s 
of

 
th

e 
pr

ed
ica

te
 

ca
lcu

lus
. 

Th
e 

na
m

ed
 s

et 
is 

th
e 

co
lle

cti
on

 
of

 
al

l 
re

lat
ion

s 
in

 
th

e 

da
ta

 
ba

nk
 

wh
ich

 
th

e 
us

er 
ca

n 
ide

nt
ify

 
by

 
m

ea
ns

 
of

 
sim

ple
 

pu
bl

ic 
na

m
es

. 
Th

is 
se

t 
is 

a 
su

bs
et 

of
 

th
e 

ex
pr

es
sib

le 
se

t 
- 

us
ua

lly
 

a 
ve

ry 
sm

all
 

su
bs

et.
 

Th
e 

sto
re

d 
se

t 
is 

th
e 

co
lle

cti
on

 
of

 
al

l 
re

lat
ion

s 
wh

os
e 

va
lue

s 
ar

e 
ac

tu
all

y 
sto

re
d 

in
 

th
e 

da
ta

 
ba

nk
. 

Th
is 

se
t 

wo
uld

 

no
rm

all
y 

be
 

a 
su

bs
et 

of
 

th
e 

na
m

ed
 s

et,
 

an
d 

we
 

as
su

me
 

th
at

 
it 

is.
 

If 
th

e 
tra

ffic
 

on
 s

om
e 

un
na

m
ed

 
bu

t 
ex

pr
es

sib
le 

re
lat

ion
 

gro
ws

 
to

 
su

ch
 

pr
op

or
tio

ns
 

th
at

 
su

ch
 

a 
re

lat
ion

 
sh

ou
ld 

be
 

inc
lud

ed
 

in
 

th
e 

sto
re

d 
se

t, 
th

en
 

it 
sh

ou
ld 

be
 

giv
en

 
a 

pu
bl

ic 

na
m

e 
an

d 
th

er
eb

y 
inc

lud
ed

 
in

 
th

e 
na

m
ed

 s
et.

 

. 
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. 

Th
os

e 
re

lat
ion

s 
wh

ich
 

are
 

in 
the

 
na

me
d 

se
t 

an
d 

no
t 

in 
the

 

sto
re

d 
se

t 
are

 
de

fin
ed

 
by

 
ex

pr
es

sio
ns

 
(in

de
pe

nd
en

t 
of

 
tim

e)
 

inv
olv

ing
 

na
me

s 
of

 
re

lat
ion

s 
in 

the
 

sto
re

d 
se

t, 
tog

eth
er

 
wi

th 

the
 

pe
rm

uta
tio

n-
pr

oje
cti

on
, 

na
tur

al 
co

mp
os

itio
n, 

na
tur

al 

joi
n 

an
d 

tie
 

op
er

ato
rs 

(II
, 

0,
 

*, 
y)

. 
Su

ch
 

de
fin

itio
ns

 
by

 

ex
pr

es
sio

ns
 

m
us

t 
be

 
wi

thi
n 

the
 

sc
op

e 
of

 
the

 
re

trie
va

l 
lan

gu
ag

e 
R.

 

De
cis

ion
s 

reg
ard

ing
 

wh
ich

 
re

lat
ion

s 
be

lon
g 

in 
the

 
na

me
d 

se
t 

are
 

ba
se

d 
m

ain
ly 

on
 

the
 

log
ica

l 
ne

ed
s 

of
 

the
 

co
m

m
un

ity
 

of
 

us
er

s, 
an

d 
pa

rtic
ula

rly
 

on
 

the
 

ev
er

-in
cre

as
ing

 
inv

es
tm

en
t 

in 

pr
og

ra
ms

 
us

ing
 

re
lat

ion
s 

by
 

na
me

 
as

 
a 

re
su

lt 
of

 
pa

st 
me

mb
er

sh
ip 

of
 

the
se

 
re

lat
ion

s 
in 

the
 

na
me

d 
se

t. 
On

 
the

 
oth

er
 

ha
nd

, 

de
cis

ion
s 

reg
ard

ing
 

wh
ich

 
re

lat
ion

s 
be

lon
g 

in 
the

 
sto

re
d 

se
t 

are
 

ba
se

d 
m

ain
ly 

on
 

the
 

tra
ns

ac
tio

n 
an

d 
int

er
ac

tio
n 

loa
ds

, 
the

 

pe
rfo

rm
an

ce
 

re
qu

ire
me

nts
 

of
 

the
 

us
er

s, 
an

d 
ch

an
ge

s 
th

at
 

tak
e 

pla
ce

 
in 

the
se

 
fa

cto
rs

. 

5.
 

De
riv

ab
ilit

y, 
Re

du
nd

an
cy

 
an

d 
Co

ns
ist

en
cy

 

A 
re

lat
ion

 
R 

is 
de

riv
ab

le 
fro

m
 

a 
se

t 
S 

of
 

re
lat

ion
s 

if 

the
re

 
ex

ist
s 

a 
se

qu
en

ce
* 

of
 

pe
rm

uta
tio

ns
, 

pr
oje

cti
on

s, 
na

tur
al 

joi
ns

, 
an

d 
tie

s 
wh

ich
 

yie
lds

 
R 

fro
m

 
me

mb
er

s 
of

 
S.

 
Th

is 

se
qu

en
ce

 
of

 
op

er
ati

on
s 

yie
lds

 
a 

co
rre

ct 
va

lue
 

fo
r 

R 
at

 

vir
tu

all
y 

an
y 

tim
e 

(fo
r 

the
 

sto
re

d 
se

t, 
we

 
m

us
t 

ex
clu

de
 

tim
es

 

*W
e 

ca
n 

om
it 

na
tur

al 
co

mp
os

itio
n 

in 
the

 
lis

t 
of

 
op

er
ati

on
s, 

be
ca

us
e 

it 
is 

a 
co

mb
ina

tio
n 

of
 

a 
joi

n 
an

d 
a 

pr
oje

cti
on

. 

at
 

wh
ich

 
ch

an
ge

s 
are

 
ac

tu
all

y 
be

ing
 

ma
de

 
to

 
the

 
va

lue
s 

of
 

R 

an
d 

S)
. 

No
te 

th
at

, 
be

ca
us

e 
na

tur
al 

joi
n 

is 
sp

ec
ifie

d,
 

the
re

 

is 
no

 
qu

es
tio

n 
as

 
to

 
wh

ich
 

joi
n 

to
 

ta
ke

. 

A 
se

t 
of

 
re

lat
ion

s 
is 

str
on

gly
 

re
du

nd
an

t 
if 

it 
co

nta
ins

 

at
 

lea
st 

on
e 

re
lat

ion
 

wh
ich

 
is 

de
riv

ab
le 

fro
m

 
the

 
re

st 
of

 
the

 

me
mb

er
s. 

W
hil

e 
the

 
na

me
d 

se
t 

of
 

re
lat

ion
s 

is 
lik

ely
 

to
 

be
 

re
du

nd
an

t 
in 

th
is 

se
ns

e 
fo

r 
us

er
 

co
nv

en
ien

ce
, 

the
 

sto
re

d 
se

t 

wi
ll 

of
te

n 
be

 
no

n-
str

on
gly

-re
du

nd
an

t 
in 

ord
er 

to
 

sa
ve

 
sto

ra
ge

 

sp
ac

e 
as

 
we

ll 
as

 
tim

e 
to

 
pe

rfo
rm

 
up

da
tes

, 
ins

er
tio

ns
, 

an
d 

-d
ele

tio
ns

. 
On

ly 
in 

an
 

en
vir

on
me

nt 
wi

th 
a 

he
av

y 
loa

d 
of

 
qu

er
ies

 

re
lat

ive
 

to
 

the
 

oth
er

 
kin

ds
 

of
 

int
er

ac
tio

n 
wi

th 
the

 
da

ta 
ba

nk
 

wo
uld

 
str

on
g 

re
du

nd
an

cy
 

be
 

jus
tifi

ed
 

in 
the

 
sto

re
d 

se
t 

of
 

re
lat

ion
s. A 

se
t 

of
 

re
lat

ion
s 

is 
we

ak
ly 

re
du

nd
an

t 
if 

it 
co

nta
ins

 
at

 

lea
st 

on
e 

re
lat

ion
 

wh
ich

 
is 

no
t 

de
riv

ab
le 

fro
m

 
oth

er
 

me
mb

er
s 

of
 

the
 

se
t, 

bu
t 

is 
at

 
all

 
tim

es
 

a 
pr

oje
cti

on
 

of
 

so
me

 
joi

n 
of

 
oth

er
 

me
mb

er
s 

of
 

the
 

se
t. 

Th
e 

joi
n 

in 
qu

es
tio

n 
mi

gh
t 

be
 

the
 

na
tur

al 

on
e 

at
 

so
me

 
tim

e 
an

d 
an

 
un

na
tur

al 
on

e 
at

 
so

me
 

oth
er

 
tim

e.
 

Ge
ne

ra
lly

 
sp

ea
kin

g, 
we

ak
 

re
du

nd
an

cie
s 

are
 

inh
er

en
t 

in 
the

 

log
ica

l 
ne

ed
s 

of
 

the
 

co
m

m
un

ity
 

of
 

us
er

s. 
Th

ey
 

are
 

no
t 

re
mo

va
ble

 

by
 

the
 

sy
st

em
 

or
 

da
ta 

ba
se

 
ad

mi
nis

tra
tor

. 
If 

th
ey

 
ap

pe
ar 

at
 

all
, 

th
ey

 
ap

pe
ar 

in 
bo

th 
the

 
na

me
d 

an
d 

sto
re

d 
se

ts.
 

St
ro

ng
 

re
du

nd
an

cie
s, 

on
 

the
 

oth
er

 
ha

nd
, 

are
 

re
mo

va
ble

 
fro

m
 

the
 

sto
re

d 

se
t, 

pr
ov

idi
ng

 
the

 
re

su
ltin

g 
pe

rfo
rm

an
ce

 
ch

an
ge

s 
are

 
ac

ce
pta

ble
. 
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. 

As
 a

n 
ex

am
pl

e 
of

 
a 

w
ea

k 
re

du
nd

an
cy

, 
co

ns
id

er
 

th
e 

ca
se

 

ci
te

d 
pr

ev
io

us
ly

 
in

 
w

hi
ch

 
th

er
e 

ar
e 

bi
na

ry
 

re
la

tio
ns

 
R

, 
S,

 
T 

w
ith

 
m

ea
ni

ng
s 

as
 f

ol
lo

w
s:

 

R
(s

, 
P)

 
su

pp
lie

r 
s 

su
pp

lie
s 

pa
rt 

p 
to

 
at

 
le

as
t 

on
e 

pr
oj

ec
t 

S(
P,

 
j) 

pa
rt 

p 
is

 
su

pp
lie

d 
by

 
at

 
le

as
t 

on
e 

su
pp

lie
r 

to
 

pr
oj

ec
t 

j 

T(
j, 

s)
 

pr
oj

ec
t 

j 
is

 
su

pp
lie

d 
at

 
le

as
t 

on
e 

ki
nd

 
of

 

pa
rt 

by
 

su
pp

lie
r 

s 

Al
l 

th
re

e 
re

la
tio

ns
 

ar
e 

co
m

pl
ex

* 
re

la
tio

ns
 

w
ith

 
th

e 
po

ss
i- 

bi
lity

 
of

 
po

in
ts

 
of

 
am

bi
gu

ity
 

oc
cu

rri
ng

 
fro

m
 

tim
e 

to
 

tim
e 

in
 

th
e 

po
te

nt
ia

l 
jo

in
in

g 
of

 
an

y 
tw

o.
 

H
en

ce
, 

no
ne

 o
f 

th
em

 i
s 

de
riv

ab
le

 
fro

m
 

th
e 

ot
he

r 
tw

o.
 

H
ow

ev
er

, 
co

ns
tra

in
ts

 
do

 e
xi

st
 

be
tw

ee
n 

th
em

, 
si

nc
e 

ea
ch

 i
s 

a 
pr

oj
ec

tio
n 

of
 

so
m

e c
yc

lic
 

jo
in

 

of
 

th
e 

th
re

e 
of

 
th

em
. 

Th
us

, 
th

is
 

se
t 

of
 

re
la

tio
ns

 
po

ss
es

se
s 

a 
w

ea
k 

re
du

nd
an

cy
. 

W
he

ne
ve

r 
a 

se
t 

of
 

re
la

tio
ns

 
is

 
re

du
nd

an
t 

in
 

ei
th

er
 

se
ns

e,
 

w
e 

sh
al

l 
as

so
ci

at
e 

w
ith

 
th

at
 

se
t 

a 
co

lle
ct

io
n 

of
 

st
at

em
en

ts
 

w
hi

ch
 

de
fin

e 
al

l 
of

 
th

e 
re

du
nd

an
ci

es
 

w
hi

ch
 

ho
ld

 
in

de
pe

nd
en

t 

of
 

tim
e 

be
tw

ee
n 

th
e 

m
em

be
r r

el
at

io
ns

. 
If 

th
e 

in
fo

rm
at

io
n 

sy
st

em
 l

ac
ks

 
- 

an
d 

it 
m

os
t p

ro
ba

bl
y 

w
ill 

- 
de

ta
ile

d 
se

m
an

tic
 

in
fo

rm
at

io
n 

ab
ou

t 
ea

ch
 n

am
ed

 re
la

tio
n,

 
it 

ca
nn

ot
 

de
du

ce
 t

he
 

- 

*A
 b

in
ar

y 
re

la
tio

n 
is

 
co

m
pl

ex
 i

f 
ne

ith
er

 
it 

no
r 

its
 

co
nv

er
se

 
is

 
a 

fu
nc

tio
n.

 

‘\ 

re
du

nd
an

ci
es

 
ap

pl
ic

ab
le

 
to

 
th

e 
na

m
ed

 se
t. 

It 
m

ig
ht

, 
ov

er
 

a 
pe

rio
d 

of
 

tim
e,

 
m

ak
e 

at
te

m
pt

s 
to

 
in

du
ce

 
th

e 
re

du
nd

an
ci

es
, 

- 

bu
t 

su
ch

 a
tte

m
pt

s 
w

ou
ld

 b
e 

fa
llib

le
. 

G
ive

n 
a 

co
lle

ct
io

n 
C

 
of

 
re

la
tio

ns
 

an
d 

an
 a

ss
oc

ia
te

d 

se
t 

of
 

co
ns

tra
in

t 
st

at
em

en
ts

, 
w

e 
sh

al
l 

ca
ll 

C
 

co
ns

is
te

nt
 

or
 

in
co

ns
is

te
nt

 
ac

co
rd

in
g 

as
 i

t 
do

es
 o

r 
do

es
 n

ot
 

co
m

pl
y 

w
ith

 

th
e 

st
at

ed
 

re
du

nd
an

ci
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